Reprogramming the genetic code in vitro.
The site-specific introduction of non-canonical amino acids into polypeptides through genetic code reprogramming has become a powerful tool for biochemical studies and bioorganic synthesis. Although a variety of such techniques have been developed, all are based on the 'mis-acylation' of tRNA molecules with non-canonical amino acids. Multiple strategies have been devised to synthesize such non-canonical aminoacyl-tRNAs; for example, those based on protein or ribozyme aminoacyl-tRNA synthetase enzymes are particularly useful. Such techniques have enabled the incorporation of hundreds of different non-canonical amino acids into polypeptides in vitro. This review discusses the development and application of in vitro genetic code reprogramming techniques, especially enzymatic mis-acylation, and examines recent efforts to engineer the translational machinery to increase the range of translatable non-canonical amino acids.